Objective: To investigate the association between obesity and perioperative acute kidney injury (AKI), controlling for preoperative kidney dysfunction. Background: More than 30% of patients older than 60 years are obese and, therefore, at risk for kidney disease. Postoperative AKI is a significant problem. Methods: We performed a matched case-control study of patients enrolled in the Obesity and Surgical Outcomes Study, using data of Medicare claims enriched with detailed chart review. Each AKI patient was matched with a non-AKI control similar in procedure type, age, sex, race, emergency status, transfer status, baseline estimated glomerular filtration rate, admission APACHE score, and the risk of death score with fine balance on hospitals. Results: We identified 514 AKI cases and 694 control patients. Of the cases, 180 (35%) followed orthopedic procedures and 334 (65%) followed colon or thoracic surgery. After matching, obese patients undergoing a surgical procedure demonstrated a 65% increase in odds of AKI within 30 days from admission (odds ratio = 1.65, P < 0.005) when compared with the nonobese patients. After adjustment for potential confounders, the odds of postoperative AKI remained elevated in the elderly obese (odds ratio = 1.68, P = 0.01.) Conclusions: Obesity is an independent risk factor for postoperative AKI in patients older than 65 years. Efforts to optimize kidney function preoperatively should be employed in this at-risk population along with keen monitoring and maintenance of intraoperative hemodynamics. When subtle reductions in urine output or a rising creatinine are observed postoperatively, timely clinical investigation is warranted to maximize renal recovery.
chronic kidney disease (CKD). 3, 4 The relationship between obesity and postoperative acute kidney injury (AKI) is less well defined. A rise in creatinine of as little as 0.3 mg/dL after hospital admission or surgical intervention has been associated with a 4.5-fold increase in the odds of in-patient death. 5 Postoperative AKI accounts for 18% to 47% of all hospitalacquired AKI 6 and is often multifactorial. The majority of postoperative AKI is thought to result from renal hypoperfusion or acute tubular necrosis. 7, 8 Obese patients undergoing a surgical procedure are at an increased risk for hypoperfusion as the intraoperative volume resuscitation required to minimize the risk of AKI is often underestimated in the obese patients. 9 Similarly, obesity is associated with multiple independent risk factors for postoperative AKI including CKD, diabetes, and heart failure.
Current literature investigating the effect of obesity on postoperative AKI is conflicting. Some studies have shown that postoperative renal impairment after cardiac and noncardiac surgery is more common in the obese than in the nonobese individuals. [10] [11] [12] Others have found no difference in AKI in the obese when controlling for preoperative renal function. 13 Although comorbidities associated with obesity can make perioperative management of the obese patients more complex, it is not clear if obesity is independently associated with AKI in patients undergoing nonbariatric, noncardiac surgery. Using the unique obesity and surgical outcomes study (OBSOS) data set, we evaluate the association between obesity and AKI in the postoperative period to identify a potential target for quality improvement initiatives when caring for obese patients undergoing a surgical procedure.
METHODS
We performed a matched case-control study of patients enrolled in the OBSOS. OBSOS, which has been previously described, 14, 15 was designed to compare very obese [body mass index (BMI) ≥ 35 kg/m 2 ] and nonobese (20 kg/m 2 ≤ BMI < 30 kg/m 2 ) elderly patients undergoing a surgical procedure with respect to outcomes, such as survival, complications, length of stay, and readmission rates. 15 Following approval from The Children's Hospital of Philadelphia institutional review board (IRB) (the IRB associated with the principle investigator of the study), and hospitalspecific IRBs when requested, the study examined surgical outcomes for patients enrolled in Medicare in 3 states: Illinois, New York, and Texas. Patients between the ages of 65 and 80 were enrolled if they underwent hip or knee replacement, thoracotomy or colon resection. Administrative claims data were collected for all patients for at least 6 months before the index surgical procedure and a minimum of 30 days after the surgical intervention. In addition to the claims data, baseline laboratory studies (including serum creatinine), vital signs, and body mass index were obtained from direct review of the medical charts for all subjects enrolled in OBSOS.
In this study, we excluded patients with a preoperative history of dialysis dependence as defined by International Classification of Diseases, Ninth Revision (ICD-9) diagnosis and procedure codes and Current Procedural Terminology (CPT) codes (Appendix A, available at http://links.lww.com/SLA/A398). Procedure codes for patient exclusion were identified in the Inpatient file (Part A) (ICD-9 procedure codes) and Outpatient and Carrier files (Part B) (CPT procedure codes). Diagnosis codes for patient exclusion were identified in all 3 sources using ICD-9 diagnosis codes.
Cases of AKI were identified using specific ICD-9 diagnosis codes (see Appendix B, available at http://links.lww.com/SLA/A398). Patients were assigned a diagnosis of AKI if it was coded upon discharge from the index admission or coded at any subsequent inpatient or outpatient follow-up encounter within 30 days of admission from the index surgical procedure. A total of 514 AKI cases were available for inclusion in this study.
Using the unique hybrid OBSOS data set, containing administrative claims and chart abstracted data, we were able to calculate the preoperative estimated glomerular filtration rate (eGFR) using the 1999 Modification of Diet in Renal Disease formula. 16 For those observations with missing creatinine, we estimated the missing values of eGFR using a robust regression with the other nonmissing variables in the Modification of Diet in Renal Disease formula and the matching variables. An additional determinant of preoperative kidney dysfunction and end-stage kidney function was defined using the claims data as a secondary control for preoperative kidney function (Appendix C, available at http://links.lww.com/SLA/A398).
Known surgical complications associated with hemodynamic instability, and therefore risk factors for AKI, were considered potential confounders. Bleeding, sepsis, cardiac emergency, cardiac events, and hypotension were defined for all study patients using the administrative claims data as previously described. 11 Using claims data as defined in Appendix D, available at http://links.lww.com/SLA/A398, each variable was uniquely assigned using ICD 9 Clinical Modification diagnosis and procedure codes to satisfy described inclusion and exclusion criteria.
Matching Methods
We matched (i) exactly on procedure subcategory (ii) with both fine balance and near-exact matching for the hospitals (described later), 17 (iii) explicitly minimizing the differences in the means of important patient covariates, and (iv) also minimizing the KolmogorovSmirnov test for eGFR to balance its whole empirical distribution across cases (with AKI) and matched controls (those without AKI). Each AKI patient was matched with a control non-AKI patient with similar age, sex, race, emergency status, transfer status, and baseline eGFR. Cases were also matched to controls that were similar on the modified APACHE score calculated using the chart-abstracted data, a risk-of-death score using claims data, and preoperative kidney dysfunction and end-stage kidney disease as defined using claims data 18, 19 (Appendix C, available at http://links.lww.com/SLA/A398). The risk-of-death score was created from a model, which takes into account patient comorbidities as estimated from Medicare claims from all hospitals in Illinois, Texas, and New York excluding the 47 hospitals that performed chart abstractions for this study. 14 As there were 47 hospitals in the study, we also wanted to account for potential differences in practice styles and systems issues that may lead to differences in outcomes. Hence, we matched on the hospital using "fine balancing." [20] [21] [22] Fine balancing assures that for each study hospital the number of patients with AKI and the number of patients without AKI utilized in the final matches were the same. We enhanced this fine balancing for hospitals with nearexact matching not only to balance the cases and matched controls in aggregate across hospitals but also to increase the number of matched pairs from the same hospitals. 17 Thoracic and colorectal cases were matched with a 1:1 matching ratio, whereas orthopedic cases were matched with 1:2 ratio because of the larger pool of available controls.
Statistical Tests
Balance on match characteristics was examined using the Wilcoxon rank-sum test for continuous variables 23 and the Fisher exact test for categorical variables. 24 Conditional logistic regression was used to control for complications that are known to be associated with AKI. 25 In an attempt to isolate the risk of AKI attributable to obesity, we adjusted for bleeding, sepsis, cardiac events, and cardiac emergencies in the regression models, both with and without hypotension. As hypotension in the obese patients undergoing a surgical procedure may be related to management of the hemodynamic profile of the obese patients, we ran the models with and without an interaction term for obesity and hypotension and tested for the significance of the additional parameters using the fit of the models. 25 The analysis was performed with and without patients with missing creatinine (n = 98 cases and 145 controls). As results were similar with and without patients missing creatinine, results including the imputed values are displayed, using all patients. We also provide regression results after excluding patients with missing creatinine in Appendix E, available at http://links.lww.com/SLA/A398.
RESULTS
We identified 514 AKI patients and matched 694 controls from a pool of 15,338 controls who met study criteria. Of the cases, 180 (35.02%) followed orthopedic procedures and 334 (64.98%) followed colon or thoracic surgery. After matching, there was no significant difference between the cases and matched controls in age, sex, race, procedure, transfer status, emergency status, preoperative eGFR, preoperative kidney dysfunction defined by claims data, APACHE, or risk of death score. See Table 1 for results of colectomy and thoracotomy matches and Table 2 for orthopedic matches.
Obese patients undergoing a surgical procedure demonstrated a 65% increase in odds of AKI within 30 days from admission [odds ratio (OR) = 1.65, P < 0.005] after matching (Table 3) . After adjustment for complications known to be associated with an increased risk of AKI, obese patients remained at increased risk of AKI when compared with the nonobese patients (OR = 1.74, P < 0.005, Table 3 ). After adjustment for the effect of hypotension on the likelihood of postoperative AKI, the obese remained at increased risk of AKI (OR = 1.68, P = 0.01). Sepsis, cardiac emergency/event, and hypotension remained significantly associated with an increased likelihood of AKI. The addition of interaction terms between obesity and hypotension did not have a significant effect on the predictive value of the model (P = 0.68).
DISCUSSION
We conducted this study to further investigate the observed relationship between postoperative AKI and obesity 14 after incorporating additional information regarding preoperative kidney function. In this study, unlike studies using only administrative data, we were able to estimate preoperative kidney function utilizing the availability of chart-abstracted data including BMI, and baseline laboratory studies, including creatinine. In so doing, we were able to control for the contribution of preoperative kidney dysfunction associated with an elevated BMI when evaluating the relationship between obesity and the likelihood of postoperative AKI in a large cohort of elderly patients undergoing a surgical procedure. Notably, preexisting renal impairment has been previously shown to be the most consistent risk factor for postoperative AKI. In addition, we sought Controls were matched on age, sex, race, procedure type, eGFR, emergent and transfer status, previous comorbidity risk score, the admission APACHE score, kidney dysfunction, and end-stage kidney disease with fine balance on hospitals.
ER indicates emergency room.
to understand the effects of potential causes of renal hypoperfusion that result in AKI, such as sepsis, hypotension, bleeding, and cardiac events or emergencies, on the relationship between AKI and obesity in a more focused analysis than we performed in the original study. AKI is a potentially lethal clinical problem. Postoperative AKI is associated with prolonged length of stay 5 and impaired long-term survival 26 and has been identified as a cause for readmission. 27 Identification of at risk populations may permit the adoption of preoperative interventions to mitigate risk. Although obesity is known to be associated with kidney impairment, obesity alone has not been well accepted as a risk factor for postoperative AKI. Therefore, efforts to minimize AKI centered on preoperative assessment of renal risk may frequently overlook the obese patient. Our findings suggest that obesity should be recognized as an independent risk factor for postoperative AKI in the elderly patients undergoing a surgical procedure.
This work expands the literature regarding AKI in the elderly. Renal recovery from AKI can be substantially lower in patients older than 65 years when compared with younger patients. 28 The reasons for this finding are not clearly understood. In addition, even mild postoperative AKI has been shown to result in CKD. 29 We have now demonstrated that obesity independently places the elderly patients at risk for AKI after surgical intervention even after adjustment for preoperative kidney function and comorbidities.
In this study, we identified obesity as an independent risk factor for postoperative AKI after controlling for preoperative renal function. Upon further evaluation, the effects of hypotension, sepsis and cardiac events in the perioperative period in conjunction with the case-mix of the obese appeared to explain a portion of the increased risk of AKI observed in the obese patients, but they did not account for the entire effect. The effects of hypotension and complications on the risk of AKI in the obese patients undergoing a surgical procedure are consistent with our clinical experience. Monitoring blood pressure in the obese patients can be challenging and detection of deterioration in the obese patients is difficult in part due to impaired sensitivity of physical examination in the obese.
Furthermore, the data suggest that hypotension may be a mediator of the elevated risk of postoperative AKI in the obese patients. Hypotension is a known risk factor for prerenal azotemia. In a recent meta-analysis, Brienza et al 30 reported that hemodynamic optimization resulted in a decreased risk of perioperative AKI. Kheterpal et al showed an association between acute renal failure and vasopressor use intraoperatively.
11 Therefore, it is not clear whether "normal" blood pressure or euvolemia is more important in preserving renal function. Volume resuscitation in the obese patients is often more challenging than in the nonobese patients. Unfortunately, although underresuscitation can result in hypotension and oliguria, volume overload can be associated with cardiopulmonary and wound complications, 31 which are also more common in obese patients. 32, 33 The inability of practitioners to adequately gauge volume status in the obese patients might Bolded odds ratios denote significant results. Controls were matched on age, sex, race, procedure type, eGFR, emergent and transfer status, previous comorbidity risk score, the admission APACHE score, kidney dysfunction, and end-stage kidney disease with fine balance on hospitals.
contribute to the increased risk of postoperative AKI observed in this study. Typical signs of volume overload, distended neck veins, and peripheral edema may be hard to appreciate in the obese patients because of redundant fatty tissue. Similarly, inadequately sized blood pressure cuffs may make noninvasive monitoring more difficult in the obese patients. For operations with expected blood loss, volume shifts, or a preference to restrict fluid resuscitation, closer monitoring might be useful for the obese patients to mitigate the occurrence of AKI.
Most of the work on postoperative AKI and obesity has been performed on patients undergoing bariatric surgery, cardiac surgery, and transplant. The bariatric outcomes, by definition, make comparisons with the nonobese patients impossible. The population undergoing cardiac surgery and transplant make it hard to generalize to our cohort of patients undergoing orthopedic, thoracic, and general surgical procedures. Despite these limitations, elevated BMI has been associated with AKI after surgery. [34] [35] [36] To our knowledge, we are the first to demonstrate the association between obesity and AKI with adjustment for comorbidities, physiologic state at the time of surgery and the admission eGFR.
Strategies for renal preservation should be extended to the obese patients. Preoperative efforts should be made to minimize exposure to nephrotoxins. Hydration with 0.9% normal saline around exposure to iodinated contrast may be of benefit to the preoperative obese patients. 37 Intraoperative monitoring and optimization of renal perfusion should be employed in the obese patients. A heightened awareness of the possibility of postoperative AKI in the obese should prompt timely evaluation and intervention when suspected fluctuations in urine production or creatinine levels occur. Practitioners should bear this in mind for all follow-up visits as well and consider laboratory testing when concerns arise on the outpatient setting.
Obese patients with subtle changes in kidney function should prompt initiation of a "renal rescue" program. The program should include careful clinical examination including assessment for rhabdomyolysis, 38 assessment of volume status, and identification of complications that can result in AKI. Initiatives to minimize ongoing renal damage including administration of intravenous fluids, vasopressors, or inotropes as needed; treatment of sepsis and urinary obstruction if present; and consultation with senior colleagues or nephrologists should be employed. 39 Informed consent is a critical part of surgical care. Although certain oncologic surgical procedures are time sensitive, others like total knee arthroplasty may be less urgent. Patients older than 65 years should also be made aware of the association between obesity and postoperative kidney injury. The implications of AKI might provide additional incentive for weight reduction efforts in lieu of surgical intervention. In addition, consideration should be given to discontinuing nephrotoxic drugs before surgical intervention. The patient must understand the risks of surgical intervention to make an informed decision. Although weight reduction has been effective in management of hypertension and diabetes, the effect of weight reduction on kidney function is not well understood. Future studies should be performed to determine whether preoperative weight loss reduces the risk of postoperative kidney injury in the obese patients.
Because our study is retrospective, one limitation is that we can only report an association between AKI and obesity. We also cannot confirm the role of hypotension in this relationship. In addition, we are not able to explore the role of medication toxicity or medication usage on the extent of AKI observed because that data was not collected as part of OBSOS. It is also important to note that administrative claims are highly specific but insensitive to the cases of AKI. 40 There is no reason to believe that this underascertainment of AKI cases would be differential between obese and nonobese patients. Therefore, the results presented should remain valid despite the fact that we may have missed some cases of AKI.
CONCLUSIONS
Obesity appears to increase the risk of postoperative AKI in older patients undergoing colon, orthopedic, and thoracic surgery. Identifying obesity as a risk factor for AKI, as shown in this study, is a critical step in the journey to improving surgical outcomes for the elderly obese patients undergoing a surgical procedure. Recognition of this risk factor will result in concrete changes to patient care. Attention to mitigating preoperative risk by minimizing exposure to nephrotoxic agents and medications and careful management of intraoperative blood pressure and volume status are crucial to kidney preservation in this at-risk population. Similarly, practitioners should have a high index of suspicion when subtle signs of postoperative kidney impairment occur in the elderly obese patients undergoing a surgical procedure and initiate early intervention of renal rescue efforts.
